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In this work we have derived a class of geometries which describe black holes and wormholes in
Randall-Sundrum-type brane models, focusing mainly on asymptotically anti-de Sitter backgrounds.
We show that by continuously deforming the usual four dimensional vacuum background, a specific
family of solutions is obtained. Maximal extensions of the solutions are presented, and their causal
structures are discussed.
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I. INTRODUCTION
The idea of extra dimensions has been attracting much
attention in the literature, in part due to the advent of
string theory. Strings are promising candidates for a uni-
fied description of gravitation and standard model gauge
interactions. They require extra dimensions for consis-
tency. Therefore, one problem which has to be addressed
by this approach is the observation of only three spacial
dimensions. Brane world models provide concrete sce-
narios where extra dimensions are made compatible with
the observed four dimensional universe.
The basic brane model set up is a four dimensional
brane, our Universe, immersed in a larger manifold, the
bulk. It is generally postulated that the usual mat-
ter fields are confined in the brane, while gravitational
waves are free to propagate into the bulk. Explicit con-
structions were proposed by several authors, among them
Randall and Sundrum [1]. In the Randall-Sundrum (RS)
approach, the brane is noncompact and the bulk is anti-
de Sitter (AdS). Their specific models were proposed as
cosmological scenarios, and little could be said about lo-
cal objects. Nevertheless, the basic RS models can be ex-
panded so to encompass compact objects, such as black
holes (see for example [2] and references therein).
Black holes are important candidates for sources of
gravitational radiation. They offer possible observational
signatures of Einstein gravity extensions, as discussed,
for example, in [3–8]. The current and upcoming gravi-
tational wave experiments and the possibility of detect-
ing black holes in accelerators are a strong motivation
for the investigation of such models [9, 10]. Although
extensively studied in the context of the usual general
relativity, the treatment of such compact objects in RS
framework is much more involved. For instance, there are
few exact complete solutions defined both in the brane
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and in the bulk. Stability is also an issue. For example,
the black string [11], one of the simplest generalizations
of the Schwarzschild geometry, is marked by the so-called
Gregory-Laflamme instability [12].
Lacking many satisfactory bulk solutions for compact
objects in Randall-Sundrum scenarios, one alternative is
to search interesting geometries in the brane and invoke
Campbell-Magaard-type theorems [13–15] which guaran-
tee their extensions through the bulk (locally at least).
This approach was carried out by several authors, and it
will be explored in the present work. In this context, it
is particularly convenient to use the formalism developed
by Shiromizu, Maeda and Sasaki [16], where gravitational
phenomena in a brane immersed in a five dimensional
bulk are described by effective four-dimensional Einstein
equations.
Most of the work concerning black holes in extra di-
mensional scenarios deals with asymptotically flat geome-
tries on the brane [17–19]. At the present time, not so
interesting from the astrophysical point of view, anti-de
Sitter solutions have recently gained attention since the
AdS/CFT breakthrough. This correspondence ignited
the search for a better understanding of negative cosmo-
logical spaces and new proposals of gauge/gravity corre-
spondences. Exact AdS solutions play an important role
in this program and in this spirit anti-de Sitter branes
have been investigated (for example [20–22]). We will
present a new exact class of spherically symmetric met-
ric vacuum geometries in a Randall-Sundrum brane, em-
phasizing nonasymptotically flat solutions. And since we
are mainly interested in AdS black hole and wormhole
geometries, we are led to the solutions with a negative
cosmological constant.
The structure of the paper is as follows. In Sec.II we
derive an analytic asymptotically anti-de Sitter family of
solutions that satisfy a set of specific conditions in the
brane. In the approach presented here, we completely
fix the arbitrariness in the gtt component of the met-
ric. In Sec.III we investigate the maximal extensions and
causal structure of the solutions. Nonextreme and ex-
treme black holes, along with wormholes, are generated.
2Final remarks are presented in Sec.IV. In this paper we
will use the metric signature diag(− + ++) and the ge-
ometric units G4D = c = 1, where G4D is the effective
four-dimensional gravitational constant.
II. ADS BRANE SOLUTIONS
One effective four-dimensional formalism for the study
of compact objects in a Randall-Sundrum brane world
scenario has been developed by Shiromizu, Maeda and
Sasaki [16]. Within this formalism, the effective four-
dimensional vacuum Einstein equations are given by
Gµν = −Λ4Dgµν − Eµν , (1)
where Gµν is the four-dimensional Einstein tensor associ-
ated to the brane metric gµν , Λ4D is the brane cosmolog-
ical constant, and Eµν is proportional to the (traceless)
projection on the brane of the five-dimensional Weyl ten-
sor. If we impose staticity and spherical symmetry, we
can write the brane metric in the form:
ds2 = −A(r)dt2 + dr
2
BC(r)
+ r2(dθ2 + sin2 θdφ2) . (2)
The notation BC = g−1rr anticipates results to be de-
rived in this section. A combination of the effective Ein-
stein equations (1) written without specifying Eµν is the
Hamiltonian constraint in the ADM decomposition of the
metric, which can be seen as the trace of Eq. (1):
R(4) = 4Λ4D = − 12
L2
. (3)
In Eq. (3), R(4) denotes the four-dimensional Ricci scalar
and L denotes the AdS radius. Given a function A, we
obtain from Eq. (3) a one-parameter family of solutions
BA. More specifically, a function BC ∈ BA is a solution
of the differential equation
2(1−BC)− r2BC
{
A′′
A
− (A
′)2
2A2
+
A′
(
BC
)′
2ABC
+
2
r
[
A′
A
+
(
BC
)′
BC
]}
= −12r
2
L2
, (4)
with prime (′) denoting differentiation with respect to r.
At this level, there is some ambiguity in the choice
of A. One approach would be to select a specific func-
tion A(r) and study the characteristics of the gener-
ated family. Natural candidates for A(r) would be the
Schwarzschild and Reissner-Nordstro¨m gtt components,
which were used in an approach that was carried out in
[18]. Another possible approach, developed in [19, 23], is
to restrict the set of possible alternatives for A(r) based
on analyticity considerations at an event horizon. In the
present work, we will fix the arbitrariness in the choice
of A(r) requiring that the family of solutions generated
by (4) is a continuous deformation of the usual four-
dimensional vacuum solutions.
More concretely, Birkhoff-type theorems in usual gen-
eral relativity uniquely determines the metric functions
such that gtt = −g−1rr , or in the notation used here,
A = BC . We propose an extension of the usual case,
requiring that for a given choice of A, a family of func-
tions BA obtained must include the function A. In other
words, if BC ∈ B, then there is a value for C (C0) such
that BC0 = A. We will present in this work the most gen-
eral solution of Eq. (4) with this propriety. Therefore we
assume the following conditions:
Condition 1 A vacuum in a Randall-Sundrum brane
scenario, or equivalently, an effective four-dimensional
theory with a traceless stress-energy tensor.
Condition 2 Staticity and spherical symmetry.
Condition 3 A value for the parameter C (C = C0) for
which the usual case A(r) = BC0(r) is recovered.
At this point, the parameter C is a label identifying an
element of the family B. Later in this section we will
show that C ∈ R.
With these conditions, the function A(r) is completely
determined, and with the specified A(r) it is possible to
obtain an analytic expression for the family of functions
BA generated. Indeed, condition 1 sets Eq. (1) as the
field equations to the metric, and condition 2 leads to
Eq. (4), which relates the metric components A(r) and
BC(r). Imposing the extra condition 3 on expression (4),
we obtain the following differential equation for A(r):
r2A′′ + 4rA′ + 2A = 2− 12r
2
L2
. (5)
The linear nonhomogeneous differential equation (5) has
as most general solution, the function
A(r) = 1− 2M
r
+
Q2
r2
+
r2
L2
, (6)
where M and Q2 are integration constants in this con-
text.
The zero structure of function A(r) in Eq. (6) is rele-
vant for the causal behavior of the family of geometries to
be obtained. For the asymptotically anti-de Sitter case
this structure is well known. If L2 > 0, M > 0, and
Q = 0, A(r) has one simple positive real zero (r+). With
Q 6= 0 the result is more complex. In this case, there
is an maximum value Qext for the parameter Q if the
function A has positive real zeros. If L2 > 0, M > 0 and
Q2 > 0, the function A(r) has: (i) two simple positive
zeros (r+ and r−) if |Q| is smaller than an extreme value
Qext, where 1 − Q2ext/r2+ + 3r2+/L2 = 0; (ii) one double
positive zero if |Q| is equal to Qext; (iii) no real zeros if
|Q| is greater than Qext. If M ≤ 0, A(r) does not have
any positive zeros, which in this context implies naked
singularities. We are not considering this structure, and
3therefore the positive mass condition M > 0 will be as-
sumed in the present work.
Fixing the metric component A(r), the next step is
to find the associated family of solutions of (7) for the
function BC = g−1rr . We denote this set by BA. The
elements BC(r) ∈ BA can be analytically determined.
They are labeled by the integration constant C ∈ R of
the first order differential equation (4). The solution is
given by:
BC(r) = A(r)
[
1 + (C − C0) P (r)
(r − r0)k
]
, (7)
with
P (r) =
L4 exp
[
− K√
4q−p2
arctan
(
2r+p√
4q−p2
)]
18(r − r0−)k−(r2 + pr + q)2−(k+k−)/2
, (8)
where r0 and r0− (r0 > r0−) are the positive real zeros
of the polynomial f(r):
f(r) = 3r4 + 2L2r2 − 3L2Mr + L2Q2 , (9)
and the several constants p, q, k, k−,K are
p = r0 + r0− , q =
L2Q2
3r0r0−
, (10)
k = 2− r
4
0 + L
2Mr0 − L2Q2
r0 (r0 − r0−) (r20 + pr0 + q)
, (11)
k− = 2 +
r40− + L
2Mr0− − L2Q2
r0− (r0 − r0−)
(
r20− + pr0− + q
) , (12)
K = 2
[
q
(
k
r0
+
k−
r0−
)
− p
(
2− k + k−
2
)]
. (13)
It is straightforward to check that if M > 0 and L2 > 0
then: (i) f(r) has two positive real roots if 0 < Q <
Qext, or one positive real root if Q = 0; (ii) 0 ≤ r0− ≤
r− ≤ r0 ≤ r+; and (iii) 4q − p2 > 0. Therefore P (r) is
positive definite and the functions A(r) and BC(r) are
well defined for r > r0.
The constants r+ and r0 can be written in terms of
M,Q,L, although the expressions are somewhat cumber-
some. In the limit Q = 0 the solution assumes a simpler
form:
r+
L
=

M
L
+
√(
M
L
)2
+
1
27


1/3
− 1
3

M
L
+
√(
M
L
)2
+
1
27


−1/3
. (14)
In this limit, the polynomial f(r) has only one positive
real zero r0, given by:
r0
2−1/3L
=

M
L
+
√(
M
L
)2
+
32
729


1/3
−
(
32
729
)1/3 M
L
+
√(
M
L
)2
+
32
729


−1/3
. (15)
We also observe that p → r0, q → L2/3r0, r0− → 0 and
k− → 0 as Q→ 0.
As already commented, the dimensionless parameter
C originates as an integration constant of the differen-
tial equation (4). The convention adopted in this work
(following [19]) is to set C and C0 in such a way that if
C = C0, where
C0 =
(r+ − r0)k
P (r+)
, (16)
then BC0(r) = A(r), as required. Therefore, the con-
straint C = C0 gives the Schwarzschild-anti-de Sitter or
Reissner-Nordstro¨m-anti-de Sitter geometries, while for
C 6= C0 we have more complex extensions of the usual
four-dimensional vacuum solutions. This remark sug-
gest that C could be interpreted as the parameter which
gauges the bulk’s influence on the brane.
Conditions 1-3, and therefore the solutions given by
A and BC in Eqs. (6)-(7), define an effective stress-
energy tensor (SET) in the brane (T eff )µν = −Eµν /8π =
diag(−ρeff , peffrad , pefftan , pefftan ). The effective energy den-
sity ρeff , effective radial pressure peffrad , and effective tan-
gential pressure pefftan are given by:
− 8πρeff = −Ett = −
3
L2
+
BC − 1
r2
+
(
BC
)′
r
, (17)
8πpeffrad = −Err = −
3
L2
+
BC − 1
r2
+
A′BC
rA
, (18)
8πpefftan = −Eθθ = −Eφφ
= +
3
L2
− B
C − 1
r2
−
(
BC
)′
2r
− A
′BC
2rA
. (19)
By construction, the geometries defined by the functions
A(r) = −gtt(r) and BC(r) = g−1rr (r) are solutions of the
full effective brane equations (1) with the effective stress-
energy tensor given by Eqs. (17)-(19).
An explicit expression for the SET in terms of M , Q,
and C is cumbersome but easily obtained from Eqs. (17)-
(19). We observe that ρeff , peffrad and p
eff
tan are finite for
r > r0. In general, the weak and null energy conditions
are violated, which is consistent with other solutions in
4brane world scenarios (for example [18, 19]). In the ap-
proach used in this work, we have specified the space-
time metric based on physical and geometrical consider-
ations. But the conditions 1-3 could have been stated
in terms of the SET. Paraphrasing these conditions, we
may say that the stress-energy tensor given by Eqs. (17)-
(19) is the unique spherically symmetric and traceless
SET which can be obtained by continuously deforming
the usual Reissner-Nordstro¨m-anti de Sitter stress-energy
tensor.
III. MAXIMAL EXTENSIONS
We now consider Lorentzian, smooth, and simply con-
nected maximal extensions of the obtained solutions. In
all extensions constructed here, the AdS character of the
solution is seen considering the large r limit. The func-
tion P (r) decays to zero as r → ∞ and the geometry is
asymptotically characterized by the pure anti-de Sitter
metric:
BC(r) = A(r) = 1 +
r2
L2
+O
(
1
r
)
. (20)
The geometry near spacial infinity therefore have similar
structure of the AdS spacetime.
The interior geometries depend of the zero structure of
the function BC(r), which in turn depends on the value
of the parameter C. One important point in the solution
(7) is that r+, the largest zero of A(r), is also the largest
zero of the function BC(r) if C ≥ 0 (and the only one,
if C ≥ C0). This implies that the presented metric, in
the coordinate system (t, r, θ, φ), is well defined in the
interval r ∈ (r+,∞) if C ≥ 0. The maximal extensions
in this case are black holes. On the other hand, if C < 0
there is a zero rthr of B
C(r) such that rthr > r+, and the
maximal extensions are wormhole solutions.
Since both A(r) and BC(r) have zeros at r = r+, we
have a candidate for a Killing (and event) horizon. The
extensions of the geometries introduced in the previous
section will involve interior and exterior blocks (see for
example [24, 25]). For completeness, we sketch their con-
struction in the following. Exterior and interior tortoise
radial coordinates r⋆ are introduced
dr∗
dr
=
1√
A(r)BC (r)
, (21)
and retarded (w) and advanced (v) time coordinates are
defined in the usual way, w = t−r⋆ and v = t+r⋆. From
them, coordinates W and V are set as W = arctan(w)
and V = arctan(v). Finally, timelike and spacelike coor-
dinates T and X are introduced. For example, for the
exterior block, T = (W+X)/2 andX = (W−X)/2. The
spacetime metric gµν (defining ds
2) is written in terms
of a conformally associated metric gˆµν (defining dsˆ
2) as:
dsˆ2 = Ω(T,X)2 ds2 , (22)
dsˆ2 = −dT 2 + dX2 + r(T,X)2(dθ2 + sin2 θdφ2) . (23)
The physical spacetime, plus singular and infinity limits,
are conformally mapped into a manifold with boundary,
the associated conformal diagram.
The exterior blocks have the usual AdS form, which
can be interpreted as a consequence of the asymptotic
limit of r⋆(r) tends to a finite value, as seen in Eqs. (20)
and (21). They will be discussed in Secs. III A, III B,
III C, and IIID. When a horizon is present, the surface
gravity of the black hole κ+ can be considered. Usually
associated to thermodynamic considerations, this quan-
tity is given by:
κ+ =
{ √
C
2r3
+
if C > 0
0 if C = 0
. (24)
If C < 0, the analytical extension is done for r < rthr
and no horizon is present. The spacetime in this case has
a wormhole structure. This case will be detailed in Sec.
III E.
A. AdS singular black holes
If C > C0 the only zero of B
C(r) in Eq. (7) is r = r+.
At this point it is important to notice that 0 < r0 < r+,
as we are assuming M > 0 and L2 > 0. We show typical
profiles of the functions A and BC in Fig.1 (left panel).
It is apparent from Eq. (7) that
lim
r→r+
0
BC(r) = − 1
(r − r0)k
+O(r − r0)0 → −∞
with r → r0 . (25)
The divergence of the function BC(r) as r tends to r0
suggests some peculiarity of the metric in this limit. In-
deed, we have a curvature singularity when r → r0, as
seen by the behavior of the Kretschmann invariant:
∣∣∣R(4)αβγδR(4)αβγδ∣∣∣ = 1
(r − r0)6
+O(r − r0)0 →∞
with r → r0 . (26)
The effective energy density and pressures are also un-
bounded. This way, the maximal extension involves the
metric functions in the range (r0,∞). Combining the
block diagrams of the interior and exterior regions (see
[24] for example), we obtain the Carter-Penrose diagram
of the maximal extension of the solution, with C > C0,
shown in Fig.1 (right panel). We remark that the zero
r− does not play any role in the interior causal structure
since r− < r0, in general.
IfQ = Qext and C ≥ 0, we observe a qualitative change
in the causal structure of the spacetime. In this limit,
r+ = r0− = r0, and r+ is a (double) zero of the function
A(r) as well as a divergence point of the function BC(r).
We observe in this case a null singularity and no horizon.
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Figure 1. (Left panel) Typical profiles of the functions A(r)
and BC(r) with C > C0. In this plot, M = 1, Q = 1/2,
L = 1, C = 15 and C0 = 10.32. As an illustration, the
numerical solution from Eq. (4) for BC is also shown. (Right
panel) Conformal diagram of the maximal extension of the
solution with C > C0.
B. Schwarzschild and Reisnner-Nordstro¨m AdS
black holes
With the constraint C = C0, we have B
C0(r) =
A(r). The geometry is equipped with the usual Reisnner-
Nordstro¨m anti-de Sitter (0 < Q < Qmax) and
Schwarzschild anti-de Sitter (Q = 0) metrics. In this
case, we observe an asymptotically anti-de Sitter back-
ground, an event horizon, and an interior Cauchy hori-
zon (if Q 6= 0). Their Carter-Penrose diagrams are well
known (see for example [25]), and are not shown in this
work.
C. AdS regular black holes
If 0 < C < C0, the causal structure of the interior re-
gion changes. For this range variation of the parameter
C, the function BC(r) has a simple zero at a point rmin
inside the interval (r0, r+). We show typical profiles of
the functions A and BC in Fig.2 (left panel). The an-
alytic extension of the spacetime to a larger Lorentzian
manifold implies that the radial coordinate r is valid in
the interval r > rmin. The inside block has a worm-
hole structure, as seen by the coordinate transformation
(t, r)→ (t, x), where x = rmin+x2. The black hole inte-
rior is regular, with no singularity present. Effective en-
ergy density and pressures are bounded. This structure
is similar to the one present in the scenarios discussed
in [18, 19]. The Carter-Penrose diagram in this case is
shown in Fig.2 (right panel).
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r
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0.0
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A(r), analytical
BC (r), analytical
BC (r), numerical
r0 r+rmin
Figure 2. (Left panel) Typical profiles of the functions A(r)
and BC(r) with 0 < C < C0. In this plot, M = 1, Q =
1/2, L = 1, C = 5 and C0 = 10.32. As an illustration, the
numerical solution from Eq. (4) for BC is also shown. (Right
panel) Conformal diagram of the maximal extension of the
solution with 0 < C < C0.
D. AdS extreme black holes
If C = 0, the function B0(r) has a double zero at
r = r+ and it is negative nowhere. We show typical
profiles of the functions A and B0 in Fig.3 (left panel).
The horizon is a double horizon and the surface gravity
is zero, as indicated in Eq. (24).
Indeed, one way to extend the geometry beyond the
double horizon is to rewrite the metric in terms of the
quasiglobal coordinate u, defined by gttguu = −1,
ds2 = −A(u)dt2 + du
2
A(u) + r(u)
2(dθ2 +sin2 θdφ2) . (27)
The quasiglobal radial coordinate is convenient in the
analysis of this and other spherically symmetric geome-
tries [27]. In a sense, this coordinate extends to general
spherically symmetric geometries the good properties of
the usual r coordinate in the Schwarzschild solution con-
text. We will show that the near horizon geometry, de-
scribed with the coordinate systems based on u, is well
defined on both sides of the Killing horizon, hence the
name “quasiglobal” coordinate for u [19, 27].
To check that the spacetime defined by C = 0 can be
analytic extended, we observe that the function A(u) has
a double zero at u = 0, where r(0) = r+:
A(u) = 1
2
(2− r+R)2
A′(r+)r4+
u2 +O (u4) . (28)
The interior extension is possible since the extended func-
tion r(u) is analytic. In particular, near the Killing hori-
zon u = 0:
r(u) = r+ +
1
2
(2− r+R)2
A′(r+)2r4+
u2 +O (u4) . (29)
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Figure 3. (Left panel) Typical profiles of the functions A(r)
and B0(r) with C = 0. In this plot, M = 1, Q = 1/2, L = 1,
C = 0 and C0 = 10.32. As an illustration, the numerical
solution from Eq. (4) for BC is also shown. (Right panel)
Conformal diagram of the maximal extension of the solution
with C = 0.
In the coordinate system (t, u, θ, φ) it is apparent that
the extension has the correct signature in the interior
of the black hole (u < 0), as seen in Eqs. (27) and
(28). Advanced and retarded coordinates can be written
in terms of the radial coordinate u, following the usual
procedure. It is observed that the maximal Lorentzian
extension is formed by asymptotically AdS regions, in
the limits u → ∞ and u → −∞, separated by a Killing
horizon (u = 0, r = r+). The Carter-Penrose diagram is
presented in Fig.3 (right panel).
E. AdS wormholes
If C < 0, the function BC(r) has two simple positive
zeros, r+ and rthr, where r+ < rthr and A(rthr) 6= 0.
We show typical profiles of the functions A and BC in
Fig.4 (left panel). The coordinate system (t, r, θ, φ) is
not admissible if r < rthr. A possible choice of radial
coordinate to cover both regions is the proper length ℓ
[23, 28], defined as
dℓ
dr
=
1√
B(r)
. (30)
The function r(ℓ) has a minimum rthr at ℓ = 0 (value
of ℓ is conventionally chosen, without loss of generality).
The zero r+ does not play any role in the interior causal
structure since r+ < rthr.
The curvature invariants, effective energy density and
effective pressures are everywhere finite in the wormhole.
0.7 0.8 0.9 1.0 1.1 1.2
r
-0.2
-0.1
0.0
0.1
0.2
0.3
0.4
A(r), analytical
BC (r), analytical
BC (r), numerical
r0 r+ rthr
Figure 4. (Left panel) Typical profiles of the functions A(r)
and BC(r) with C < 0. In this plot, M = 1, Q = 1/2, L = 1,
C = −5 and C0 = 10.32. As an illustration, the numerical
solution from Eq. (4) for BC is also shown. (Right panel)
Conformal diagram of the maximal extension of the solution
with C < 0. The vertical dashed line represents the wormhole
throat.
It is straightforward to check that the surface ℓ = 0 in
the extended geometry is timelike and transversable. The
solution therefore splits into two asymptotically anti-de
Sitter regions. The maximal extension is a wormhole
connecting two anti-de Sitter branches, with an wormhole
throat at ℓ = 0. Its associated conformal diagram is
presented in Fig.4 (right panel).
IV. FINAL REMARKS
We have obtained a family of exact solutions of the
effective Einstein equations in a four-dimensional brane.
Conditions 1-3, and therefore the solutions given by Eqs.
(6)-(7), define an effective stress-energy tensor T eff in
the brane given by Eqs. (17)-(19). Fixing the cosmo-
logical constant Λ4D, the solutions are parametrized by
three real constants, namely M , Q and C. Varying these
parameters, the maximal extension manifolds describe a
large class of objects, including naked singularities, black
holes protecting spacelike singularities, regular and ex-
treme black holes, and wormholes.
In this paper we have focused on asymptotically anti-
de Sitter solutions. But relaxing the condition Λ4D < 0
we have asymptotically flat and de Sitter metrics. The so-
lution given by the expressions (6) and (7) can be adapted
for asymptotic flat or de Sitter geometries, but it has dis-
tinct characteristics depending on the sign of the four-
dimensional cosmological constant Λ4D. If Λ4D > 0 the
geometry is asymptotically de Sitter, and in general it
does not describe black holes, since for most values of C
we have r0 > r+ and there is a curvature singularity af-
ter the “would be” event horizon. If Λ4D = 0 the brane
7solution is asymptotically flat, and expressions derived
here generalize cases already discussed, for example, in
[17–19, 26].
Although we presented the exact solutions within a
world model context, they can also be seen as AdS so-
lutions in the usual general relativity. Within this inter-
pretation, the solution presented by Eqs. (6) and (7) are
viewed as the metric generated by the matter content de-
scribed by a traceless stress-energy tensor T eff . There-
fore, they are natural candidates on the gravity side of
the anti-de Sitter/conformal field theory correspondence.
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